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A& ttltotroaies «Bg;lntt«r oan • atdioid mu %gr 

bZcEkdlag hit tMlmloal knovlc^g* itlth m iiad«r«t»saM&ij^ 9t 
liioXoggry aurgtxgr and th« aetMcl j»roi^«Mii of tlio pl^«ldi«a» 

» pbysioltm Imato lila dlii;ao«i« upoti two 
of lofomatlon* Cno is tho patiant** vortlcni of Itia luroul^oa 
and Hhm otliar ia oOtoiaod with tiMi al4 of aoalpoMmta Ofith 
whioii ho aaaaurca mmm f«riabXaa of tha huawn body, fha 
patl«nt*a varaicn ia of tan vary Isiaoourata* 3o tba «odam 
trand ia to iaoxaaoo tiia doot03r*a tool kit ao tlaat ba oaa 
aako obiooU.va diaipioala by miaaiurijai aora variablaa of tbo 
btaum body* 

Zt ia ouita poaalbla to aaalXow or i^(»last ia Tarloua 
bodZ oavitiMti aaawiriiig daaioaa and aioiatuxa radio tala-* 
ttatariag traoaaittara ^lioh aUl yarfora oartada MMaiuraMBta 
for aacaapla it ia ouita a diaooafort for tha pationt to 
raoaiva atoaaoli axaaiaatioa by aaina of iaatroaoopa» gaatro- 
aaaara or otbara m to ooUaot tba atoaaoli juioa througb a 
rubbar tuba* Eoraorart it la ouaatiooabla whathar tba raault 
of axaadoatioii obtaioad uadar mob oo&ditiotMi oaa ba raliabla> 
ainoot aa it ia wall kaovat atraaa o& tha iaisaa body affaot 
tba raliabiliV of data ooUaotad. 

Zf tba aaamraaaata oould ba aada with tba jpatiaat in a 
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mny oossaltlOKi* nsatly, la om «a oloa« to thoir natuTKl ooaditioa 
ao poaaible, and If axaaiaaUma oould av«a b« made within th* 
intestinal traQt» tha digastlira 0XH«n« oould be InTtstlguted 
easllj and further ftndlnds* nm and unknown» night be obtalnedi* 

This exampla gives one of the preotiosl uses of Inplaated telenetrjr* 
These iapXnntsble transsdtters are Inportsat in tbw study of huasa 
beings beoouse they leave the subject In a rolatlYsly nomal 
physiologioul state «3d they ere stXeaet es iaportaat in salnal 
study where dlsousalm sad oooperatloa Is Impossible* 

1*1 ROIiB OF TELBMHTRf W BIOlOGiaAi 3CI1«0BS| 

Oik§ of the problent o^pfrcaitii^ evexy biologist etsgsged la 
resej^roh la the natural envirosnacats is obtaining oontimouei 
aoourate and ainultaneoua meaeureseate on a variety of parameters. 
The biologists often obtain laforsmtlos which la izioomplete for 
reliable atattstloal analysis* k possibla Improraaent in this 
situs tlm lies in the field of Interdlselplinsry reaearoh in udiieli 
the engineers and biologiosl solentlats apply thslr ooabined 
resouross to obtain measurtoente of the natural environment • It 
is obvious that suoh oi eoology (study of Xifs in relatioa to its 
enviromaeat) reouires nuuntitativs data whloh may be obtaiawd only 
through coopers tiva studlM in bioteohnology inoludiag the use of 
telisetxy* 

Xf in the course of a soimatlflo Inveetlgstlon in ^e 
fields of biologiosl soisnoeSf a msssuroMnt is to bs msdSt vs 
Can distinguish several steps of action to tidee plaoe* There smy 
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to* first ft ftoaioXoglOftX or « ptojrftloXogiOftl tYssit irtiioh 
XmwA to a toidloglofti rftftponWf or a pfttt*sn of nioh roftpon*** 

» for IzuitNOO* tto* ftoorttiim of idrwaXin «1LX I«fti to a 
ptoyslofti or a ohsnioai ohaag* iatid* th* tost otojftot or oa it* 
fturfaoftt flwoh as tfa* apporaat ohong* of oleotrioaX roftistaao* 
of th* idcia. Qdo* th* phjrsioftX ohang* has ooaniirrod «« «*a 
»«asur« itf that is, «• ooa appljr a a«rtaia typ9 of iaotrtaioxita-* 
tion olaaait whioh ooarort* th* phjrsioea ohaais* lato a usofOX 
slgoaX. Zn g*ii«r«I a a*««Aria£ proaoftft Is aot ooapl«t«d toy 
oonvortlag th* phyoloal or ohoaloaX ohaag* into * al^aCli la 
order to ototftto th* d*sir*d infoxaatioaa th* sigoaX aust to* 
proo«S8*d» that is saplifiod or ftttonufttftdt flXtorsdy iatogratsd 
and *0 on toy a**Ki* of further iafttrtnisattttloa. ICh* traasdueor* 
sYailatoX* for oeirrertiisg a physieal or ehapiioaX 9haiM(* late « 
us«fhX slgnaX 1* Xiaited* Ihit w* ar* latate«t*d in ttf»»duo*r* 
that oonrert a ph/*i*aX ph«n<ai«aa into flXaetrio ad^EoaX* A few 
transducers used are shown in the TahLe below. 


1 fransdttoar for oonYartlaa into 
Otantttjr J ^ AMtrlo 

X«ofaaaiestX 

Pi*BO •Xeotri* oxyataX 

fharaaX 

fboralatar 

Madnoti* 

Xa^oto raaistano* 

Optio 

Photo alaotrlo o«Xl 

luoXoar 

0*i<«r oountor 
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CHAffsa n 

Xh« «Qglritt«riJ 3 g asiwotft of a sjr&tm for j^atharlng and 
proott&uing bioIogleaX inforwitiaD ar* BimlXar to that of miy 
Information gathoring fli^0t«aB« fht aoop* of tho aystaea my 
bo dlvldad Into four «»6«&tlal parts* Biological data 
aouialtloni Bata procoialngt Bata txanamlaalon and Xnfomatioo 
proooaalng. 

2.1 BIOLOGICAL BATA AOOISITXOi* 

Bafora oonaldarlng th« aansora to b« uaad lot ua 
o(83.aldar aoma of tha moat framaatLy naaaurad blologloal 
paromtttcra. 

2.1*1 Slaotro oardl<^aphyi 

7ha puMplog aotloii of tha baart ia prodotad by tba 
aotloB of the heart maole. The ooatraoticii of thl* nusole 
le aoo<mpaai«d by ^eotrioal potaatial ohaagee ehioh ara 
ooaduoted ell over the bodyr* la eleotro oardiograpl^, these 
potential ohaagee are reoorded and their pmtlmcn ie used la 
the dlagaoela of the dlaeaaee of the organ. 

2.1.2 Hood Breeeuret 

The arterlel blood pressure le aa Integratloa of 
aultipla phyelologioal input • Into the oardiofvaaoular 
(pertaining to heart and blood veeoele) ayates. The only 
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witb tills mmmxrmuxxt Is tbs tsodsmy 9^ tbs Xivlas 
tlsstts to rsjsot or snospsulsts axil Isolats rnty forslgn »stsria3.. 
Tbsrs la also a posaibllltgr of gsnsratlao of blood slots In tbs 
l^ood atrass* 

2*1 l^oblaotrlo Botmtialt 

IRis raooxd obtainsd hy rsoonSisg tbs obaagas in tha 
ilaiitrls potSBtisl of tbs susols (I) b|f naans of snrfaos or 
asadla alsotrodaa to dotaralns nsraljr sbatbar tbs jsu«ils is 
oont»»otliig or not (2) bgr inaartim of a nsadla alaotrods Into 
tbs nnaela asod obsarving bj Oatboda OaoillCNsoopa tbs aotlon 
potantlals siiontisiioualj prmmt in IbanuMla (5) bgr raooxding 
of tha alastrioal aotlvitjr avobad in a nuaola ^ tba atinuXatlon 
of its Bsrvs is oallad an dLaotrongrogras* 

2* 1*4 iaospbalo maotrio Totantialsi 

Tba rasord of astiTitgr in tba brsixt la bnosn as 
slaotrosnospbslogrsn* In this tba alaotrlo potantlal variations 
prodnosd by s^nobronons dlsobargs of asrstsns of nsrvs oi^s in 
tbs brain ara raeordad via oapllfisrs oonnaotad to alaetrodaa on 
tba aoalp wlHob aanpla tba rasultlni <A.aotrio flald* It la nsai 
aa an nmtina inTaatlgaticn to asalat tbs diagnosis of varions 
foms of spilspdff brain twicurs md othsr diaaaaas aft so ting 
tbs osntrbL nanraas systan* 



2. 1 f 


fliitt i» m uaiLqu* utata winf la tiiai X% dttfla«» lb« 
aoUirltiva of tii» o 4,lalw MtaboXiai (tti» ohMiloal 
omtiaualljr e^iag on la tht ooXlo of Xlvlag mtAtm) oltlila tht 
liodjm for «XMipl«t tMii>«raturo of blood looviag ttio liir«r 1« 

«B ladioaat of aolobolie froooiM tokiag flooo la tHot oxsia. 
fli« tiMporaturo of tlio mtoolo buadlo laor«««o» oitli Iho tmloa 
of ftOtlTi^ of thtt ausoXo* Thm of tMy»e 2 «turo 

moasurtaaoto Xlos la foot iSm% it lo « d^rnaalo mmmxxm of 
tho oxldotifo prooooo tokias pXooo la th« bodj» Ao oaoh it i« 
a dlxttOt Indloant of th« morglao b«iag apasit tlio tlianMl 
•tora«« oapaoltf of tbo bodj aad Ibo adomaattf of tlit tfaiaxw>» 
ragulatoxf aifat«i« 


Spaoifloatloiia data for ^o 
oaaauroBiaato oft 


faraaotar 

Saaaltivitl’ ^ 

fnWMKT i 

Soturoo 

laptaSanBo 

1) S.C.O* 

1 anr/oa* 

0.1 to %00o/m 

500 otaaa to 
9 k«olaia 

2) B«]f«0. 

0«1 to 4 mr/mrn 

2 o/a to 

100 k.^a 

•do* 

3) s«s»a« 

10 to 200 BlomoXV 

oa« 

1 to too o/a 

1 

•do* 

4) faaparatura DapMida m aaaaor 

aanaitivitfC aanaor 
ilkoaXd to atnaltlra 
la tbt raogo of 90* 
to I10*f> 

DO to 1 o/a 

•do* 
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2*2 nwnwt MXD sisscfzcM Gp sKao&st 

2.2.1 S«0»Q.> 5.S.G. «XMtrodMi 

lIlpAlcMa. of Hitot olootrod** mem 12ui% 1li« 

mmtmriMl hm mxk mUmmtriMmX ooodueter mxA bloXofioolljr ia«rl« 
$oZ4t platimui ubA stoinXooa otooil ovo u»tG for •Itotrodoo* !Rso 
mtmXvUmmm ia paroflfig aatiafaotoxr for iaplaatfal appZlaatloni. 

fhm alaotroda aliapa ia aot of ^aotrloaX a^nlfiaiotoa* 

2.2.2 fmpmvmtmemt 

flia usa of tiiamiator for Moauurtag bodjr tmpmemimaem ia 
uzamiaoualjr aooapM, fhtra ara aoKt fa» axoaptloiia vliara 
Qixoixlt 4aalea ailcaa uaa of tlia taaparatura aanaltlrltar of a 
trmaiator or oapaoltor in oriar to rax? tiia aaplituda or 
fraouaaogr of an oaolZlator, autytp and Xar«a» tlia tharalator 
ia tba prafarrad aanaor for taaparatura, ^a ootpat of a 
thaeaiator ia Xogarltfaaio and auat km Xinaariaad if tlia t«ipax«titrt 
ia di|El1»Ujr diaplajrad* Bat tlia sarroa ranga of bodgr tasparatoraa 
aispilfiaa tha linaaxisatiim attaorlca. 

2.5 GOKVAHZm 07 MOlifXIMX BfStSim 70S BIOZ.OOXOAL BADZO 
tmmxmr a?7i.ioatio»si 

fariooa aaltipiaic apatm ara oOMparad m tHa taoia of 
^alr f0.mtianaX piropartiaa lilea aoouradf df aissai raprodaotiotti 
aanaitivlt^r to intamaX and artaxnaX iatarfaranooit raliatiXitar 
of opaxationi poaar aaoiioaQr and aiaa of tba tranaaittinB pXant* 



fiMi Milidm Multipltae 

ki^mpXltimmt of %im mltipXox «oticn is 
1« providoA hf dlsoroto oaKpiing of ih« lofoxwiitiQii in tho 
InSlTiAuoi PtmmxfiXM «ni furthot oonooootlvo of tiit 

•uipl«» la tlflio for povpooto of aodeolating tho ooxrlor linlE* 
HoaliMilon of Hio roouixoiMBt oot lij tin wapXias t^ooroi lo 
not OlfflouXt viMni it ocatoo cel/ to « for tioXoglool obeanoXa 
(ott/ Xoaa than four)* Lialtatioiui ariso »h«ai on inor«ia«d 
nuabor of ouXtlpXaK ObueoX* io nooXoA* for m gl'vmporiod of 
•MBipXinic tho tmnbor of auXtlplox ohoonoXo dotoxniaio tiat 
iumtioa of tho ata^orini IntanraXa and tlaui tba rapititiOB 
rata of tha puXaaa aoduXating tba oarriar «ava. XOla iii|»oaas 
tlia teadaidth raonirwant of tie agrataa* fhaaa raouiremata 
baocea atrlsgaat aitb tha naad for aoourata praaarratiim 
tba jpoXaa itfiapaa tbroogbout tliair jNrooaaaing pal^* tha IdaaX 
algnaX apaotruM haa to o.oapriaa ooaponaata In a baodaidlli ehii& 
ia tha raoiprooiX of tha puXaa rlaa tint* fhla Maaaa» praotioaXl/ 
apaakingi moXiialan of arts tha tanth hamonla of Iha fundanwetaX 
pulaa rapititlce rata« 8uoh atroasg raQulrwaits ara of dvoiaita 
algalfioanoa for tha pulaa peaitKsi noduXaUaii and puXaa duration 
nodaXatloo iQfalaeay aa oorraot aod dlatortionXaaa aaparatloe of 
(^luiaXa la tha saoaiaar dapimda on tha aoeurata Xoaation of tha 
polaa adgaa* fuXaa anpXituda noduXatlon oaa ha aooo^pXiahad at 
Xowar handaidth hut it ia not auitchXa for bidli^l^aX aj^Xioation 
dua to poor diaorlainatioa cdT intarf^cmioa aignaX* lhan waidhlag 
tha poaaihlXi^ of inoraaaii^ ths mmbar of auXtipXar ohannaXo 
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m imt to bo touad botwooit tkto Ooo oontaradiotorjr 

doMiiAot tlio •oapXiiMI r«to moA tlw boadmldlii 9t tb9 ojotm* 

2«5«2 froouiaci^ Biirlaion H^atoaot 

Tar %h$ pvLxpo99 of oaaporlooa of tbo tiao difiaiia 
auXtipXox oyotMit with froouo&ogr dlvlol^ ojotom lot uo tolm 
for axMipOla a 4«*alMUEmo3. tint dlviolm aultipXoK agrotoa at 
500 e/o bondwldth for hoadliag bioX<^ieiiI data. An additional 
ataggoriag invanral aoat la raaarvod for ■sraohroaftiaticm 
imxpcMiaa batooao tba traaaaittar and tba raoaivor. Xf ona 
proTidta for a d<moditlatiOB guard lamak of 200 puXaao par atooadi 
tha ampliiig rata for a giriii atoanndl baa to to 1200 pulaaa par 
aaoond* Sliia mtaam aodulatioa of tha oarriir bjr polaaai with 
6000 pulaaa par aaooad pulaa rapltiticm rata. Oonaidarlsf tha 
sMiMi pulaa duration to ba aoual to ab<Hit 1/5 of tba pulM 
ropitition intarrali thua alloalsg for aodulation diaplaoaatsta 
and guard intamla batnaao tha fd^aonOIa and alao taking tha 
riaa thM 1/5 of ita duration, tha raauirad bandwidth Mounta to 
9 m §000 m 54000 o/a at aagr naarljr m 55 Im/a. 

fbla ia atill a rtasonabla nuabar for providing aid# band 
f «X* hiih aualilgr paxtotmmaa in ^a oarriar liok. fitrthar 
axtanaioB of tha nul tipi arad ohaimala, aaaunlm pratarfation of 
tha oarriar wlda band T.II. duality oould aoooapliabad tgr lowarlng 
tha aaapling rata but thia laada to an dnoraaaa in tha wuis^ing 
arror and to inaoauraoiaa ia signal raproduotion. Thia would 
baactta aapaoialHy proaiiniat for fast raadon biologloiil aotlvity, 
aa of tha S.S.O* or 2.X.O. 



10 


lUi ojip9»«id to thit tiBO ditploion iiultiiO.«aclJ|gt no 
ijsfamAtiQB Iomm fi«a bo pri^ldtoA for tbo offlitimtoiui 
HOT* BoduXotiofi la tbo dlYlniaa o^otoMO wtiil* paovloloa 

em bo ml# for itolaiE *or» oluuxa«il»« Vor «a A%W,/9,U, igr«t«a» 
tlio auabor q£ ebiaatls nMoii ]il|;lit b« oasprloiA la tbo 9$ kc/s 
band 1124 tb •ptoteaa of tbt • IgaaSL wblobi aoduilotto HKxrXwijt 
ii& rolotlaii to lb« oaiHi boadwMtli a» oonoldorod for tit« pulM 
aoduXacliaa «x«a|>l«) is sspoolailljr Isrgs* 

fsar sa f aqrstoMi sduivallsat to tin* dl'rloioa 

auXtlplsx iQrstaMi la rtsia4 to sapprossicai of lat«rf«rtaot sl«ai3-St 
th« nuabsr of ohmatls mn bt sxtondod to 9Sa.*£‘%J» 

Xoivtorsr la lbs tolanotsrlaf of blologloail pbaaonoas 
of Yaorlous kladSf • altusfcioa oan bo tbcHicbt of oliort ono 9t s 
foo oboaaols roouivo bi«bar banduldXb tli«i othoro* & tins 
dlYisioa iKiltlplos agrstoa tho sos 9 »llag aoto bos to bo fltto4 
to tho hlgbost froou«ae;p of tbo briMdost oboanoX* fiilo omtsso 
^0 vtue^fi agrstoai boadwMtb to rls« proportloasXljr to tbs b«iA«» 
oidlb of this oboanol oad l084s to iaoffloioiMgr ia atillsotloa 
of tbo s(^s tan's iafomstion bsaftliag espoolti'* Xa fkooasaof 
division sRtXtlpIssla« tbo agrstna boadvldtli o»i bs itstd la s 
fXoxlblo wumar so It lo Juot tbs son of tbs aabsssuoal obsaasl's 
boadidd^. 

Oonporloon of sfotans tvm tbs point of vlsn of 

dlsorialasitloa sgslait latorfsrsniost 

tbs poooiblo sdirsabaKs of aapllibtds aodalstlao la 
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Qiroultxsr iBut ar* auaoaptibX* to nols« aiul «ro»«talk 

b«t«««B olDiiiija«l.s« 9ht«« tootoxs art aoatljr la 12ia tom of 
mplttvA^ ohMDiEaa aad tharafora oaisiot tt 41aarlKliiattd froa 
tha pxHwaaaad ganuixta Iz^omatKii* 

fha boat propaxtlaa ara tlKiaa ia puiara aoda awalulatiflii 
aarataaa bat It ia 4iaragax4a4 for our purpoaa 4aa to ita axtraiM 
ooapIiKLtip. ftm ohoioa zwaaina bataa«a oarxiar wava f«X#» 

(?uXaa poaltlon aoOulation) and P.S.X* (Tulaa duratloii 
aoduIatiOQ,)* ^#7 all provida an iooraaaa of tiia Q/k ratio 
orar i«X» i& proportioii to tlia i&ortaaa ia bandwJdliit bat with 
tSw rlalxig; of ttoa nuabar of obannala tba proportloaaillgr faotor 
biooBMa aora farourabla for a oarriar aara f .X. fitia oaa ba 
ahoaa bf oaiii; tha foraiilaa for ittproraaant in noiaa in oarriar 
waTt y»X* aad polaa ampXitoda Bodulatloa oba&aaaji»^kJ^» aoA 
davtlopiag ibaa for praaeatatioo in a tTpioaX aultipiaz igratMa 
for haodilQf biolegloal iaformitioci. 
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wibara ia f3« voltaga aigaal to aoiaa ratio of a afataa 

iaaiffiatai outaiia paranldiuialaf 
ia aodulation iaiax in f .X. $ 
t^ ia tha madaua iiapXaoaaaot froa ouiaaoaiit poiaa 
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fomltlm ift foist fositlctt Kodolstica ani 
is iht zlss %im sf ths ptilss* 

Bsflsolog • ^ f/1]^ 

Is trsmisixoy dsvistisii sol 
Is highlit aodulatiag trmcmmf 
And tsidLjag spsotrus star Bm ss 

3^ •• kCp) Zx C?) 

id!iirt is spsotaia limdsidtli of His aodulatiiig aigBsil sad 
BCp) is s<swi iiiaolKii of p>» 

Thsrsfors ^ 

War ths pMstieaaL polss posltiSB aodulstlctt sarstoi 
am ha sssoaisd Ho ha sboaf i/$ at His stsgisviiig iatsrfsl bslssm 
tits oonssooUss slisiiasls sod o« ha fspxssssM tisis as 

». - \ s:k7, 

abara a is His ausHsr at stsggsrliMi siwimsls and His fsetor 

2 .4 ttftkss proslsicm fear His ssspliitii rata sod dssodulstloii 
goszH* doosidsariog tlis spsoiruai bsadsidlli at His 
sodulstsd sigaa3. is 

Bpju « I" 

m 


wm 


sad action (2) bsoasss 

yWm 7.2 tt 


(9) 
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0aii«i4«ri»c twticixui (4) and (5) it t<9MC aTUiatti 
tbat iioi «4 iitpror«B«Bfe« in both lahliii t3m olmiiatX 

iafcoMR tlaii teadiriilthv takisg aui oonil«iit« !• propodrtieiifCl to 
th# ojrotoa of tho aodul«t«d ulg^mlm in o ohozmi^ moA also dapiado 
o& tho iBOduXatloa index in I'.M* ood on the auahen of ■ultiplaoced 
ohennoLe In P«PJi* leuaLislng the proportionelilgr feetoro it 
ie found that 

• i7,J a hm 

Shio BMano that for the partiouXar exasipXe of the 
four ohanneX {& » 5) hloXogSoaX auXtlplex a/ates t:o/a» 

the deeiation in 7*X« ahouXd he &23 o/s in oxdar to provide the 
aeae noiae inprovefoent e« in P»f«lt. t^atee* 

Xt nej ha eatinated that naarX^ the awe reXatlona for 
InproviKeat of aigneX to noiee ratio of the P*P«X. hoXda for 
P*»,K* ayaten 

2»3»4 QiroaataXhi 

Bagardisg oroaetaXk hatwaen euXtiplaxad ohannaXa» the 
oarrlar wave aida hand P*X« afateea protida aignifiaaat laprova-^ 
miAt over A»|{« end P»A»1* aa walX aa over P«P«K* or P«S«X« of 
Xioitad bandwidth under oondition of Xinearit^^ in ^a radio Xiak. 
iniia oQoiitioii ia raaXlsebXa in ^oXogioaX radio taXanatxy ahera 
low power truaanittara art as»ma!lXf uaad* 

fhm auaoaptibUltj of P*f and to 

oroaataXk raaulto fron the faot that tranafarrad infomatlon ia 



H 


•ontiilxi^d h«r« in tti« position of %tm puls* sdgss sMoli ars 
sitsrsd hf distortion of th* pitXs* shsps* Ottisr rsasons in 
tlis fssour of osrrisr wst* ?*X. auItipXsxtiii sgfstni is tits 
sinpis nodvllstlon proosdurs* 

Th* d*gr** of sinpXloiV i>3^ ssrrlsr ssrr* oan b* 
fssourataiXjr oosparod to tbat of A*M« fh% psrfomino* ouslitijr is 
ssoursd bjf dsslgaiitg th* sabasrri«r ossHIstors to bs stslii* 
tnough tdtil* slnuitsnoousljr pxoTidlni blKh nodiiOstian intnssitp* 

Xn gonornl* tb* «QOocipXiSbn*nl of nijr prsotiosi tin* 
division nultipisx s;psitss •ouivsi«at to that ua*A bsr* vsouir* 
sonpisac notsorlcs and nor* oonponsuts. fit* Xsslc of sonploxitp 
n»sns grsator rslisbilitp for th* osrrisr wsv* f*Mm mermgmmtt 
siitti. los*r probsbllitjr of faults and nsgotiv* wilrci»S!tt*l 
infltt«&o«s* 3nsii«r oo«pX*Kitar sXso X«sds to Xosvr pos«r 
sonsuaptloa, ihioh tos«tb«r with th* Xo«*r nunbor of oonponstts 
tt*«d| X*ads to door**** in ToXuns sal wsight of transaitting 
sppsrstus* 
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onAnm ui 

SfjgLQWABLg TaAfSMmygRB 

IXfHOmCTZCVt 

* tjnuwadttwrii or ft{^oir»dioat»ados* tum 

raAio traiisaiitt«x« u««d for viroXoaa tranmlaalott of info(r««-» 
tiOD trim oXooed ottvltioa or laadooMabXo fX«o««« aiob 
trmnMiitttra Imvo Imioxi dovOlopad for toXoaotorlax dstii niioro 
it Xi ^|»oa«ibI« or uodloairabXo to ooanoot offioaiox oXoMiit to 
th« roecurdizie oouipoant iixwtttlj tgr tulnia or wiroo. Sadoradio** 
•oculoa hava opoaad now poaalbiiitlaa for yixjraioXegieaX aludXaa 
axi4 for diagnoatie axaalaatioiiaii aixKsa tubaa or wira rastrlot 
tha ragiona that ara inaaoaaaibXa* ZUhaa mmf ]iro4uoa phgraio-* 
Xogl^aX raflaaaa liiieh dla^ba tbw noTMil body fuaotlaiui uadar 
obaarvatioa* fiirthar»tubaa aay oaitaa infaotiffift idian ipaaaad 
through aurgioal opaolaga. fba andoradioaoodao haa iioir af 
thaaa dlaadTtuatagaa. 

fhou^ la aadoradloaoada taohaiouaa tha distanoaa ara 
vory abort* oftaa Xaaa than oaa aatar, tha alxaXaaa aathod la 
aararthalaaa ladlaiiaaaabXa owing to tha praaanoa of yhytiOiO. 
harriara batwawa tha raoordlag laatruaant «id Hi* bolat whara 
tha aaaauraaaala ara to ha iiada< 

fhtaa traaaaittara hara baan taznad by dlffarant 
laraatigatora aa 'aadoradioaondaa** * radio ylXXa* or ^oapauXoa* 



tvmamlttmvm* • 8ine« th« •ndomdiotcnd* 
ia{»li«ii no rMtrlotlcn on tbo orsan invaaticntad aai ainoo 
It la Homaad in analogar »itb ottaar ta»a« it aili ba usad 
hara *o danota any alaetroaio daaloa for tal«atarini 
ybjaioloiioai data froa IntaraaX oxiana Isy vlraXaaMi aatbcd* 

•Sam andoradloaonda trananlttara ara of two Igrpaa* Cna 
ia witli a yowar aouroa inaida and ia aalXad an aotiaa trana* 
niaaiOB ayataa* fbm otbar tjpn doaa not aontaia a aoayXeta 
oaoilXator Imt oonaiata of onXy a tunad olroult* Xaargy ia 
aappXlad froa an axtamdl aouroa by naana of a puXaad aXaotro- 
nagsatio fiaXd of fraouanoy oXoaa to that of tfaa tnaad 
airoult* Thia aaaziy la abaorbad by tba tunad aixauit and 
raanittad in a noduXatad foam batwaan pulaaa* fliia typa la 
icnowB aa a paaalra tranaatiaalon afatan. 

5.2 ?i33Xri fRAISKZSSXOi StSaHMt 

OanamXXy ^a paaalra tranvaittara ara not aa 
aatlaf»]ttory aa aotira tranmittara baoauaa of tba waak and 
uaraXiabXa aignaXa that la&ay prodnoa* Bowarart tbara ara 
oirouaataniBaa in wliiob tba uaa of paaaiYa tranaadlaaion ayatan 
ia naeaaaary* 

Xn oonnaotion witb th» atudf of diaaaata af tba aya 
Xlka gXattocauii tbara ia a naad for vary anaXXf long XiYad» 
praaaura tranaaittar tint oouXd ba inaartad into tba aya of 
an axparisaotaX aniaiaX to aonitor preaaura oliangat 



fli«r« Kr« »lt»*14oiui lA « r«X7 MnlX aoiaiiXi 

out AOt tdUilS^ 9«?x7 « tMavjr tranaalttar it to bt 
•taiitdt tht toXoattxj of tomporoturo from m slot it tn 
ttjcMjklt Xt it tito {lottiblt tbat in Immm iMinft 

mm aisbt idali to folXotr %im progromm of rmomrmrj frm 
mtrgmry tgr t ttXtKottri&f dtviot Vemt ooiild bt l«ft in tbt 
j>X«e« indtfiaitfliy» for ormpilmf mttor train mrgmr^t thtrt 
it iOiMitiMitt t rtaotivt ritt in trtttnrt that ratal It ia 
■loatr brat tMri; and 4«ath{ tlit talaaataring af istratranial 
firttauxa girt tarljr aamiag of iapandiag dangar# 

IRta aigaal atr^^ pmVlm ia ^a that aliould ba 
oontidarad* titbout baving raaouraa to trenafontar thaorft 
it Ota ba atid that tbt tigiHil trm m aatamal tranaalttint 
ooil faXlt of «itb tba ouba of tba diatanoa C'^J% tad tbla 
tlgnal it raradlatad in aU dlraotlonti tbua that part that 
arriirat baolc at tha aousoa it itoaXf att^matad b|f tha <mba 
of tha diatanot. tfndar thaaa oirouaatanaati tha a«t falloff 
ia with tha aixth powar of tha diataaoa, Kxg diaoriintatiQB 
of tha tranaalttar tan raiuXt in a aigDal diaappaartaoa* fbit 
problan oould ba aalaad to toM axtant by havii^ an nmi^ 
dlraotioaal mtmexim in tha axtamal margiaing traaanittnr wd 
tha axtaxnai raoalw utid outaida to piok tha aignal* Bit 
pattitt andoradioaondat ara aaaiar to prodnea and oonaamiaatljr 
iaazp«aalr«. 
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5*3 AOfZTB mi»tZ33ZCi stsvait 

hoAy rtaetai to fcxrticB mittor 

tHot i* oltlitr itti^aiitod or oxtonmlly «tt«ols«d» trmMikittoro 
Mint bo 00 muHX and Xigbt «• fooolblo* 1^|»ioaX aoooptod 
Xislto or* ollttla IK to 2K of thn oiibjooto oatcbt* X& fonorol 
tho XiKlt i« oot »t about o«io «mi or laaa 

Moat fbi'aloXogioaX iBfoanntiou oltbor la dlraotljr 
•ottoad in Ibo fon of bloaXootrla yotontlaXa or oanvortod 
Into oXaotrlo alcaaXa bgr a traaaduoar* Bitikar aathod rtaolta 
in Im XaraX •igmH In an anvirooMiit ofhicb laval nolaa. 
fhia araataa naad for tranaalttara altli a dgraanlB raafo of 
105, aaxi n u ai to n lntnua al^niX ratio* ant low intaml nolaa* 
In addition tbay aunt bar# Bro^ar framiaatr raatonaa to eow 
tba aBoatnai of canaratad infomatlon uatiall^ froa 0*01 a/a 
to about t lea/a 

for a Ittig uaafia lifa tba trananlttar mat ba daalcoad 
for a1fila »« foaar aonamptioa* Oaaazallf tba poaar aonaonid 
mat ba two watta or laaa £^^J* 

t4(wnmltt«r auat ba raXatlTal^ fraa fran warlatlona 
la fraauanof oauaad br foaar aupalf fliMtuatlona* fba traaa* 
niaalOB ranca naadad for canaral tranmlttara om ba flxad ab 
10 faat dlatanoa wltb m intanaltf of 3 alorovolta at tlw 
raoalYlag antaena taraiaala^ifXJ^* 
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5*4 vnm Of MODOiAfiaif 

ModuXiitiOB ia Hia ahoiaa of 

IfMUMliMiloii af9t«M «A Miiaitada BoduIatiQii aftan raanlta 
In wwPimUm of tika al^aal atraox^ dua 4o a aliai«a la ttw 
ralaU^ foalUaa and diataBOa Oataaan ^ t3raaaamii« aid 
raaaiirlai aatanaaa. foXaa aodu3UitlOQ aaa aXao Oa aaad Inci 
ffaaaaBogr aodalaticai im tmxA 4o l>a au]»axtar« A alaplifiad 
f«M* agraAMi ia fivaa in Alia Oleak raprasantatloa of fl4i«5«1« 

OKOXOS Of fBBCUWOf f 

fhara axo no lagaX or Xioaaalag raatrlotlona mx ^ 
uaa of Xoa poaarad uaita ao mttmr akal framiaosp ia aapXoyad. 
Xa addition to tlw faXXing off of flaiXd atranc«d aritli diataaaa» 
thara aan 1»a attanuatlon oauaad hy tba paaaanoa of anf intaa- 
vaBind oonduatiad aadian. A aaamura of tliia affaot la tha ao 
oaXXad *alcitt daptkSalsioli ia a dlataooa tlia waaa tvoTaXa 
idiiXa Oalad attastiatad to approgdyaataXy ona tkiird* Xn oaaa of 
ooaan watar tMa dlataooa ia flvan i^pi^oxiiMitaXir aa 
XdC^aauaara root of fraouanoy* Cna aoOXd ka akla to raoaiaa 
!^a idCBaX at atlaaat a dlatnooa of two or tliraa akin daptha* 
fliyaioXogloaX aaXina la roai^Oy ona third aa aeaduatlta aa 
oeaaik watar* 

SPLaotroMamatlo anarsy doaa not propofata in tha aaaa 
way throudli aU Uaauaai Oonay fatt auaoXa ata*i laat a 
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limd m tli« abovt wXy^ tm umaitiTa. Ooc 
vOiXd pvfmt higfx tramw&alca «t iild.oh ila3r 
9m maem •ffaotlTclj raaiaba power end * lover freeueoogr 
voiild ellov grmtve penetretloii tbrougli *XOM(r*f eleotrieelljr 
mmmAkmt oooduotlTe, tleeueo* A graph of depth of penetretion 
re* freouenoyt i« ohowi ia flg«5.2 for MueelOf Itlooit oolioo 
«a4 hont. 

fhe beet oholoe of freeueiiof for telMietaqr le better 
found fro« the experlewe of prerioue voxhexv. Serlp vexhere 
iA thie: field foual that freeuenelea froa 9$ Ira/e to 

too le/a oea be used* Other vorkera in ^e field £*4$ %J 
found that freeueaeiee belov 300 Xo/e oaa be ueed« the lover 
Halt beiaf eet Igr the alee end veij|d>t of the veil* 

3«d fRAXSKXTTXKO BAXOSI 

for the eaae iatervaoioK oodduotiiig aeditoi the ahJa 
depth rarlea inirereelf ae the eoaare areot of freoueatf* 

s - vm /-^ CtJ 

vhere ^ la idcia depth in oa* 

f Ic reeietivitf of oonduotor la ohae per m? 
f ie freoueeMf in o/a» 

ie pexaeabilitp of aedivai (genarellj » 1)« 





\ 


i 

i 



i 


f 





iQ 

5 




•f-2 til? 

O 


o 




tf 

?A 

e 

'K 




25 


tanuiaiillitcr amdiatioa 9tSi.ai.m9f weAwt mam 
ooaAltiOiUi of tronwloaloe varito dlrootljr tht 99mxm 
at fwamaaaf 

S*i7*M*lR|^«aA aiiA y >MWtti l<at iaQi«xlji«at«lXjf 

fottuft amt m lammmittw witk o tratHomf at $.8 Mo/o msA 
m fmar of 1 «m than 200 sl«»>««tto o<siiI« gUr* 

250 sioxovolto at ttm mtoBom tamimlm of tio raoolYor 
^Xitoofi OHO rntmt amtf, fidm oooll^ mggtaata tiuit m iamm 
of tvaaammf tf %m %im» imrmmaa Tuog* ^ 10 ^*^ whldk 
im naanflf^ aamU tm 5^ ttma% 

5.7 voam soQHcsst 

fim mmt ia^oiirteit soiitoto of tha pmwit amma far 
oadoraAlooosi&o t^tootzf mta th« oojNioilif pat mit atHima 
Hiti dlMiluuriet WPW9m 

Slto Boot ocwBonlj aoid pawat «oitro« io Ului mwccptuep 
a^aX haamima at its wraoliaiil 4i»0li«xf« amaa* Vlio voltof* 
vmmixm vitli U5 ▼onto mA 1«1 voXto for son ^lon 90 porooat 
of aaatff Oloohoxso. flio soIXoxf BH 512 og^ hoo m oopaoii^ 
of 55 ss*)ir* It lo ooXf 0«!^ os* liiili Imt its Xoxiso 0i»-> 
BOtort «l»0Kl 0.7 03i*t lo a dloadvsatoso Ia fortiior slsiotsrlo- 
Mtion of sanj tmaamittam* 

tha aioktl o«4s1mi oolX lo oXoo uood for soegr purposoo* 
It am mpaaiMllf aaaam toforo tho oossoiroiol aoroin^ oM 



I»«6aa« fli« aiakiil amitaluB «iA1l tea m liw«r 

oapAOltjT volitm ttai tim Mrous^r tarptt M tiM 

4iMtlMixig« <n£fT« is siuiilijr ICkMI* 
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MltbOOi^ OOttmmlOaaSLlj used, Lechlanche cells are not 

sttltslis omixkg to tlMi Xos oapssilijr jmkt’ aait y^ubs mA Urn 

imsstisfitotoirar disoluuris ourvsi His soXtsgs Asorssssa 

* 

stssAiXjr tlirouglMut tlis 41solis«SS psrloAn 

OmEAX aA98B3 Of UttMt ASD 0PS8A7X89 £Zf8 Of 
ISHtAXISD fMBMlffMUt 

Bsssd OB tl» ^fBrl«Qos of frsYioas wofrksfs 
it OSS foiiiiO tlwt QOsfOBsttl s»4 stsuoturaX fsiXuMs vsfo 
infrsotaMit tut soszf tvsBsuittsf sxattiasd firstt sftsf tsing 
rsBOTsO froB tlis sobisoty «bs wot liuiiis. Minor oonrossioB 
wars prsaent on tbs BstsX i^ts sadi ths jMipor of ths 

bsttsTf BBS soft snO soggf* AoooriiBf to Bsanfsetursili 
infoiBstlOBt tbs Bsroitrf bsttoxits ussO SB tbs trsaoirilttsrst 
sbsorli oil ths prodaets ttet Hisf giBsrsts} so tingr alUMHLd 
aot to Hm sourss of dssfnsss sod oorrossioa. 

fbs tssassittsrs usod iiitlitrto vsrs sssXsd witli fivs 
oasts of tsfgOB psiBt bat BOistitrs ssa fsss tbroigb tjrgcsi* 
Xstsst trsnsBittsm Z*t1^ bsvs bssn flIXsd sitb sB sfoaqr 
ossisrt silieoos rtibbsr or vssbliiis to sXSBiu&ts BIX trsfpsd 
sir spsos. 
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5«9 MBBXGII* ntOlUaiS Of XiftISfiSTi 

SOM« ot Hm iMaf rKeimhl** of lat«r««t in tte 

of fhyalOIoslOftX iafocofttlott froii vltiiiti tb» 
tiMptsmturOf pr*mmxr%t oxygm tonoion, fB or tho 
oolA. ^ «Hl radiation intanaitj. 

In prlKioifla ai^ of thaaa om txananittad Iqt 
aithar jMaaivo or an aotiva t^mtm In oonjunation ait)i a 
auitaiaia tranadnoar. OaatroiataatiaaL notUiV (aaaantiallj 
tha frocraaaion froduoing aoUTitgr of tba gut) ia of intaraat 
to olioioitfoa* furthar iafosnaatton oaa lia got Iqr 
alnnXtanaoua uaa of a nua^ar of tra&anlttara tgr X-ragr aN»riaa 
anoonaanfieig tba andoradioaonda obaarration or bgr tiM uaa of 
radio traaking darioa tbat fiota out tba notloii af tlia 
aafaula during ita faaaaga* 

A tranmittar of tba Iff a uaad to trananit fraaaara 
in tlia gaatrointaatinaX tract laui alao baan uaad to trnaanil 
I Uiaddar fraaonraa and ataadSnaaa ia ataadlSB* tltariaa oan- 
j traotiona and f^&tai liaart aouada and taaob oXanalitng* 

A taafaratuxa aaiasing oapauia baa baan uaad to atudf 
tlia inaubatlOB of j^noguia agga la tha Antarotlo flaia 

wa aaa ^at tba fiald baa aidaaad ^a doom to raaa&rob 
wbara bitbarto it «aa aaaar thought a faaalbXa aodution* 
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fbt Of asaiorMMits «ltng thm 

gM9%xoiA%%uti3smX tm,e% in not •Iwtjn oXtov to Mdioil oio 
Mit tho]*« mm %xpmx1jBm%m iftiioli ttiojr mm^f Xikm to iiorfoiii* 
fat oxMtipl* on* tdi^t dotomiiMi oliotbor tte wlMioiatratlciB 
a£ Yitwiii *X>* to m ohildi idlb irlekots ahmgmt tho in tbo 
Intofltiat 00 ft Oftiiilt at thft offtot of oiaXoiiin. JUifttbor 
•xfHiTijwiat of itttonftftt nftj to lnvtfttii«t« tint 

diffwrwBOt in int(aclofttlfii( tffoot of dlfftront aXotaitcdLift 
OftVftXftCftft la duft to tlia isuffaniac ftotioa of ftoaa and not iqr 
otliizn* 

A yrottlan tltat hma raoalmd acnt Invaatiitatioii la 
that of looftllalnf tha alt# of iatamal tXaading aXonf tlia 
gaatrolntaatiniiX tsaotp or avna of dlatlnguiahiaf atonal 
Olaadiiii and duodaniX blaadloi* in n a^ppraoialila annbar of 
oliaiOftl mamma tiuia aita la diffiouXt to dataot hj fraaant 
nathoda* Stvardl ipproaohaa liara Oaoo triad tint »onl4 
aanaitiaa m aaioradloaonda to tba pmmmaom at mood* Obaaiaal 
Mttnoda aaan anblfuoua idian afiillad to aoxnaX ooataata of tlia 
t»at iMt poaaitlf acna oaXoriaatrlo nathod oan 1 m nadt to 
work* 

A tranaiatcr witk a floating kaaa la ouita aanaitiwa 
to liglit* Xkua if tha aorar of tka tranaiator ia raaovadf 

aBaail odMngaa in lli^t intanaity will produoa fvmmmmf 
moAvUmttm of tOa output aignal. 
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fkm pr«a»iir« a«uiiag o«n muHX 

prmBmsaeM dua to broAthiOK and ovan aanaiar 

OHM duo to (Krtoilol jwJLootiono* 

Xn tho fioXd of ttirf«z7 ono eoB otudsr tho rootomtion 
of ooxHoX aotiTltf oftor tho tUMUMOi of • ourgloal )»roooduz«* 
fbo of^oulo 9 m oithor bo locootod in adviisoo or It oob bo 
inoortod thmitfli tht oamidt «^«ro It «ilX otigr until ^ 
rotum of noxnol ootiTit3r«^1i(J^. 

CBo noro uoo of tiMi oboro toXonotiar would bo to otudf 
OS to boor tito nomol ftmotiono of ^o bodjr «u«b no aotobolloa* 
oro isfluonood bf oztomol t aotoro ouoh no obongoo in tino 
botoow noolo* fhlo oould aoaodny load to nlorontJuituxn inotru* 
non to that would dla^ptooo ipatbolofloo like honamio difflolonoloo 
nod tri^gor tb* ohoaioal or pbfoioaX aotivitioo to roaodf tho 
oituatioB 

liqilaBtod aloroolootroaloo oould fo^iiot noro 
djnaale infosMtloa m onrdloo pa^olomr and noro jirooloo ond 
omitrollod otlnulaticB of ^o hoert* It oould also dotoot tbo 
oaoot of ofiloj^tio aoisiurao and dinbotio ohoele* 
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OHAPiSa I? 

BlMucsioc biaov am 4«»o]Mptiotui of «nAo» 

ri4io«oadi«» sonallivo to toiopoMturit proaaurt asA Othor 
data tbat om Iw toIoaotoroA Igr mmh ainiaturo radio trenah* 
aittar ara » partial praasorta of oarbcn dloacida and oxygm^ 
oiaorida i<m ooaoantratlo&» «ugraa aetlvltgri bloalaotria 
potaatlaXa asd Intaoaltj of ioolaiaff radiaticn* Sndoradioaoodaa 
hava baas uatd for tba aatlra saatrolntAatlnal traot» Sursioal 
laplantad traaaaittara bava tba appXioaliilltf la txparlaiaatal 
pl); 7 aldX(^ alaea aaaiiur«ia&t oaa ba aada for aoatlia m iiik» 
raatralaad and uttaoaaatiiatiaad aaiaaiLa* A oonaidaritlcii of 
aoaa of tba rariablaa la dlrao baXow. 

4.1 

4«1«1 Vaad for Stu^i 

faaparatura atudiaa lugr hara wnj aj^araa raXaraBoa. 
la tba tjuaaaB aalij*^^* ttMira la raaaon to axpaot a taaparatura 
Irraialaritar la tba no laity of aa laflaMaatloa «id parluipa 
aaar a aalljpaaaay* %potbaxai« (aa abnormally Xo* body 
tmparatura) la ooaaaotlcin wltb aaaaatiiaaia sight ba noaltorad 
bf auob natboia* lb otbar aBl3Md.at taaparatara la acaiatlilas of 
aa ladaa of aetlvlty* tba noat draaatlo axaapXaa balag la o&aaa 
of bibaraatloa (tba doraant atata la idilob oarlala aalaala pmm 
tba wlatar la a atata of radiKtad BataboXiaa* anaoXa ralaaatlon» 
aad a twiXiibt aXoap>« tba tabparatara ragiilatlon of oold 
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b!l90d«6 ittlMla wmmmf mpteUl nftiiijr* Want U.Odd«d «DiMils 
may S»ir« at ttaaa ttmmal ttraas* for «xinpl«* bl«At durlsi 
naatliig, ••ala durliig aatlzig miA hu»m b«ijeig« m tha dt»«rl 
or Sa oo*«i» 

4»1«2 !&«1udla of XasmurowMiti 

XraiiMiitt«r« for tampmtixta ■«aaar«««ito mpXay altlwr 
a jpuX«« mo&vUrntkm or tmawasay soauXatian. PuXaa fromionsf 
nodittlatioci ia tta aaturaX olioio« rnbam tm txamtatar in th* 
oooIXXator oirotilt aXao ••rroa •• tlia tTmmdsiaar* k elroalt 
bMod on tbiaprJUaalpX* i» idtonn in fi«*4.1(a)* olrotiit naa 
4«YiXo{iaA for aiauXtanamo ttliiittarinf of partaauro lugr fricuoaof 
aoduXatlon aoA of taijMiratara liy la^lao rapatition rat« of %ha 
oarri«r4^l2« 15*J7» 

for twparatora t«X«iatariog»tha oiroult fuiaotioita 
•• followa* OaeiXXation la bXoolcad for porloSa d«ttmin«A 
Igr tb« %ampara%uxa of tba traaalitor. 92i« blooktog aotlon la 
aff«Qt«l ^ tha oiiarslag of tfcw ocstdanaar *0* during oaoiXXa- 
tlon through r«otlfioation at tha anittar junotloo* Owing to 
oaolXlatlon huiXdu|i a highar eharga la ooXlaotad than la 
maaaaaxy to kaap lha osoiliaticii hXoolead. fha traaalator la 
oonaaouantlf blaaad off for a parlod during idiioh tha oondanaar 
dlaohargaa through tha haoh hlaaad aslttar ml oOUaotor diodaa 
in paraXXaX. Sinoa tha rwlatanoa of tlia two diodaa la 
dapandant to a larga dagraa on thair taaparatuxo, a pulat 
fraottano^r aoduXatlon with taiparatura la obtain^* Tha pulaa 
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tvmuMamj Sm act m Xiatar fuaeileci of twaptratusot iiow«irar» 
tHo alopo of tlM eurva m&A puXao frtoaatssj rmvf wilti tha 
hmttmsy vdXtago. Brasgr tmsaiatcr haa ita ia^ialiliiaX ohaxm* 
otariatioa* aadl IxuliinMittia. oillbratioii of tha traawaittar la 
tliarafora aaoaaaaxy* Baaad oa thLm priaoipXa a taaparatura 
ooafflei«it of IC^ par da^aa oaotl^rada aaA a Ufa tliia of 
alioul; ona jraar oan \m olitalaadl* 

A paaaira tranamlaaioa norataa for taXaattailtti; 
tempera tura imm Oaatt uaad ^a aaka of uadarataedJLim 

tlia priaolpla ttm olreult la 71f«4»1(li1) la ooaaldaraA* flia 
elroult la a SartXaf oaolXIator la i^ltdi a tettaty la raplaiad 
hf a«ara«a aapaaitor Og* Bli^ fTaoaaaof poaar la toaa to 
raaoaaat olroult iaduoaa alaotroaotiva foraa* la tlia oaaa of 
a pap traaalator» ourraat doa to raotlf flag aetloa of liia 
traaalator fXoaod la tht arroaad diraotloa for a poaltlTa half 
ajrola at ttxalaaX *A*. Tha eapaeltor Og aad a hXoaklai oapaoitor 
6g ara ohargad aa ahoaa la Plg«4*1(h1)« Iff aoot faroad iapat 
dlaappaara# altotrlo oharga oa Sj^ la dlaohavga froa tha faaaa 
to ooXXaotort aai at tha tlM tha truialator ohaagaa f xoa tha 
htttoff* to tha *oa* atatat oaoillatloxi la atartad* Sn othar 
«orda» tha olroult aota aa a raotlvtr ao Xoag aa tha laput la 
praaaat aad aota aa a trtauuilttar aftar It diaappaara* fha 
tiaa latarraX hataaoa tha traiXlag adga of tha axtaraaiXXj 
«Eiargiaad puXaa aad lha atart of tha oaoiXXatlcai of tht oapauXa 
or bXookad tIaa la apjroalaataXf dattailaad hp tha Mm oonataat 
of thi haaa dlr<aiit« that la» produot of Og loid tho roaiatonoa 
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bw« Attd ooXItotor of tlat 1uncisl»tor« pirovi4«d that 
tbo oapaoltoro «r« obarcod upto « aomtmt iroltago* la tlM 
oa»« CKf a apQ tji>« tnuMilatori tbt «itttaU<n l«lb« smw wiHi 
rtvtrsls« tbo dlrootlon of okur«« wad disobiurco* 

Slaoo Oq ia aolootod to bar* • «imau« poaadbl* 
oa|)ttoit«i»*» witbin tb* vaa^m wblob ponalt* oMlllatioiiy la 
ord«r to r*duo« tin* •!«* and matgy r*mlr*d for atorafa* 

Tbtt oaoillatlon oooura ia isoat aatua^. eaaa* only oiioa for on* 
driTias pulaa* 

fig, 4.1Cb2) abo»a tha olzoalt of a tmparatiunt 
maauni^ eapauXa. 9b* raaiatano* t»atwa«ii baaa m€ oollaetor 
of tba traaaialor *9&* varias «itb taag^aratvrty iilii*b in turn 
affaols tU* aaadad In diaobarging tb* oapaoltor 0|^p and 
in tbia nagr tba blookad tint of ^a oa^anl* baara Iba iafom** 
tion of tba t<nip«ratura altbin tba body, fba ind naad aoltaga 
in tba raaonant oixonit of Xi and 0 varti* for aroBui^* «itb tha 
ralatira poaitioa of antanna and oapaidL*» tbtia tba bloobad tin# 
ia affcotad* 9o roduoa arrora do* to aaoh as affa*t» a itsar 
diodt 'fib* baa baaa insartad parallal with fba affaat 

of this inasrtion is aboas in 9ig*4*lCb3) «ltb tba intanaity 
CralatLva valna) of bigb fyaonanoy axtamal sijpiatio fiald sa 
tbs sbsolsss sad ^ bloeksd tins ss idia ordiUnts* 

Anotbsr pswilTS oiroalt using s tsspsrsturs ssasltlvs 
oapaoltor la abosa in fii*4*1(«)* Xn tbia» pos«r is Induead 
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l&t 0 itm oiroitit m% am tmmamT ma& rmnAiMtoA at 

matSmPt vmtdmr tkmo. awpXaytag m I»a4t«r3r*^1$j?’« fli* fraouanojr 
9 f ^rwriftdiatlon la 100 ka/m* 

4«2 fS£SSimit 
4«2«1 9««4 tor StuA^f 

Thim la um 4 to atafijr tli* iiiH aotlvt'^ pmtlmtm !& 
jiaopXi* aataallgr troulftlad tj tht rmstXi pommgm at food* Thma 
tranasiittara ora okao uaad for tottlns of dnm« tm aatrophin* 
«od havo arm uatd to •todjr th« roatoration of aotlvit^ attar 
it oatkaad folXoalJi^ abdoaioai mtrgarfm 1%a aoM tjrpa of 
trwoaailttar am a«aa« artariiat fiaotuatiaiia and alao praaaura 
aarlatloiia la tha Xarffo iataatiaa aitli anolltadaa aonaahat 
iargar than hlood praaaura* fhara ara body earltiaa Ilka tha 
bladdar la ahloh tha ralativdlj praoiaa Baialtuda and duration 
of briaf ooatraoticiia art of iat«raat In ahiob anall trana* 
nittara ara naadad# fha pattam at Gtaxlna o<wtra(iUona undar 
a varlaty of ooaditiona would alao ba axtranaily lotaraatlng to 
dootara /*tdi Anothar uaa of thia tranaaittar oan ba 

nala to atudj tha eXanohlag of taath during alaap. 

4*2 *2 Bataila of Xaaauranantt 

for prtaauxa aanaitiira tnnaalttara ^a variabla 
Indus tan 00 tranaduoar haa ba«i noatl^ uaad. A aoabrana or 
natal ballowat upon mhioh tha preoaujca aotOf la oooplad to a 
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003 ^ «a? dl«e thmt mm* ia rtlatlcs to • ooUfforalBi^ 
tht iiiduotiiioot in a tumd elrouit* Tho ohanga in laduotaiioo 
with {»r«asur« produooe « froquonoy aodulatlm of tho ««rrl«r. 

Oiroolt albtoiift la fjl4«4*2(«1} la • triMalatarlsod 

Hartifiy OMlXXator harluK a oonataot aaplltoda of osoUXaticn 
mak a varlahla fraouanoy to faatnttntoota Infomation* Xa ^la 
airoultt fxaouaooy naduXatioo la pjrovldad lyr ▼axyliii pzaamizaa 
OB a dlaphraa meffixtg a oora towexAm and iway fraia tin "'taok 
aolX”f if tha ooxa la of farrlta» l&iiazft aotlon produeaa a 
daoraaaa ia fraauaaay and tha oppoalta oaoura if tha eova la 
of alvyalalUH* Xa tha atoaa olroult a farrlta oora has baaa 
aaad* 


A partioaXar arnmiiaasl of tha ahora la ahoaa la 
flf,4*2(a2), fhia varaioa la paxhapa tha alapXaat aad aoat 
ooapXataXy daaoalhad oaa avalXahXa for ooaataniotloa 
It la approxlaataXy 0*5 oa» la dlaaatar and 1.4 da«XORg fha 
400 tuxa eolX la oaotra»tappad and aarvaa not only aa tha 
aoduXator aad oaolUater raaoaaat ooU hat aXao aa antaana. 
fhm AiMyUmm oan ha aada of ruhbar, hut la aor« durahXa* if 
it li; aada of a pXaatla auoh aa Saran. Moat of tha raatoarlac 
foroa of tha aora la provldad hy tha ooapraaalhlHty of tha 
gtm bahiaft tha diapbraii» frcw vhloh Xaahaga miat ha pravaatad. 
fha aoXlhratioa that la raXatlvaly iadapdBdaBt of tha ohaagaa 
in tha alaatla propartlaa of tha diai^sraa haaausa of aontaot 
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with l»od 9 ’ fhiM unit hmn pmetom^A viilX in tit 

roitlnt tiMdita of imma ptrlttaXtlo (nttnrt at tbt toitilllct 
MOvtitBi ^Sah tit •lintoitxj oaaaX or othtr tnltaltr organt 
protiOtd ultii both loogituOlntl tad olrtultr HutMit flbrtt 
ipropti ^ir oonttatt) p«t«»nst« 

JUciotlitr olrouit for itltiittoriag prtttnzt litt btait 
ahotn JjB tlili tlM orott*-ttotiaa^ titv of ifat 

oapKiXt tilt oironlt tOoin it t Htrtiigr ottliXtier 

oirouit* fMt oirottit not ntdt it potaibilt to build oomptot 
andortdiotoiidtt. th« trtatduotr it linttr. flit lot 
drift titli tta^trtturt htt littn obttlntd bgr oonptBttting for 
tht 9 xpm»im at air witli tit otptolt tgr using ta ottillttor 
oiroult witli t ntgatirt teaptraturs ootffioltnt* fht tolutt 
of tiMi traaaaiitttr it ont oubio oantixattr «acid it Itaa t lift 
of tbrta «t^» fht tracaiiitting xangta about 15 to fO oat* 
dtptadiag on iattrftrtaet Xtttl* 

4*5 m,Qm PBssmmii 

4»3*1 load for Studr* 

A pbytiologietl parwatwr of intaraat it bltod prtaturt* 
for tons purpotttt it it auffloitat to Icnoa afot^id 9md 
diaatolio prttaurt bloai« tiitrttt in othtr aituttlootf it it 
of inttrast to hart ooi^Ittt prttaura at a funotioa of tint* 
Arttrial prateurt hat bttfo atatunal through Iht iataot ttll 
of a blood Tttatl utiag tht prlnelplt of XtOkap Kart tonoattar 
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for #7* px^oauro aearuMMetit 

So auiaiioa if a PoAj oavlt^ i« praatad a 

t9at99& truaaduocr ^faMct la ooplioiar witli a aurrouiidijqK flat 
l&aaoaltlva asnultia until tiaaua flatttriag axtanta into 
aanuluif ttoan intraaailtj praaaura aXona will bt Indl* 
oattd IndapwadMit of mmh variablaa aa tanaion in tba 
intarvanlng tiaauaa ani btodine foroaa tiiaraia* A unit 
Qonatruotad hltharto for iaplaotatlon in oontaot with m 
artan’ la ahoan in 7i4(«4«3(a)« Abaoluta pr«aaur« la to ba 
traas»ltt.ad and thua long tavs atabilitj la daalrad* Sinaa 
tha air trappad In tha tranaafttar oannot eouUlbxata vitli 
tba Otttaldat raadlns* aai*^ ^ oorraotad for baronatrlo 
ohaoiat 

Oirouita wltb ttila tranaalttar la ahoin in 7i«»4*3(b) 
and fl««4«3CaK Oirouita of tbia^pa oan run for a vary l<»ii 
tina on a al&sla battar^r auob aa la uaad in powar alaetrie 
watobaa alxioa tba total currant drain for adacuata trananlailon 
tbrougb tba bodj wall naad onl/ ba a turn aioroanparaa* In tba 
oaaa of ^a alrouit of Fl«.4»3(b)» tba ourraat drain oan furtbar 
ba raduoad fron a total of 3 nloreanparaa bf Ineraaalng tba 
too ]tilQ*>c8ai raalatOTf radlatad powar oorraapo wdingly daeraaaaa* 
fba d«8 kllo-^obn raalator aakaa tiai oaelllator fraouanof rathar 
indapattlant of voltafa and tmpttratura obangaa* ^xa aana 
airoulta oan ba nodulatad bj obaiiflxis tba 100 pf« oondaxsaar 
abown la tba tank olroult rathar than br obaacaa la laduotwoa. 
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4.4 |i CR RTUHOGEll lOM COJC SKTHAf ICWl 

fh« pr»««iiet of rorima •3.inciit«i am ha 

datarminai hy tta ma otftuitabX* •Xaotrodaa. tba pxopaae 
ma of hhaaa tlaotrodaa i»o««» m oomm probHam aai 
Qlwnioal aoalyaSM tor •vroral things inoXisting •oAitM icait 
ii» sto. ata naadad* 

fha first pH ssositlrs «idiors4ios(»(l« Mi|4o^sd « 
ssshsQp ohtslQsX transduoir Xt ocmsistsd of • 

pramosta ammttXaa tr«ainiltt«r oMibixiad «dth • poljr»«r that 
ohimgad its ph^raioal <li«fasi(ma with fha diaaAwaiitagaa 
of this aathoft war* liow raapooaa^ low aaouraojr ai»l iarca 
aaXt arrora. 

A pH aaaaiirlas teho oapau(ia that la a paaalva am 
la ihowa la fi4*4.4{a}. fhaa tha iroXtaga of pH wmaaoxiog 
aXaatroia is appXiad aoroaa a oapasitor O^i tha hXoohaf ttea 
of tha oapaula la warlad foXXawliig ^ warlation of tha 
voXtaga la tha aaaaaring alsotroda. la tha oaaa of 
taaparatura maamriat^ oapauXOf tmparatura dapaadaaoa of tha 
oapauXa itaaXf oai&Xd ha uaad atfaotivaOijr hut la aaaaoraaoat 
olhar thaa taaparatura tba radaotioo of this affaot is 
aeoassaxjr* 
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43 mm nmmftmt 

pMHAm of iM of grMt aodloidL 

of %Jsm dlffiouity of loootiag • 
ill tt»o ollMmtwgr oaml. la tho oourat of m gMiora}. xoo««r«li 
m til* oadmdioMadoo, a a«i» aottiod of Ulofdiai dtUotlan, 
olildiUjr aodlf^riag a taaparatiiva ataturlag aadondloaondo wmm 
fottiid*/l24j7* 

4«$*1 jKrinoij^t of Bloadlz^^ Dataotlaat 

Warn sstimXpX^ of this a«tl^ la baaod on tlia fact 
t2iat m maigtm§ eat4Laa«f la patawri la *iatlm>Qjrta*t and hM 
tha pro^artgr of oata3jralm tba daooaipoaltiim of ligrdrogait pair 
oxida* Aooordiasldri ifiaa tiia lyrdzogaa parozl4a la idJcaA wltlt 
tioody tHa li|4rogaa par oxida will to daoCMpoaad lato watar 
and ojqrfaot wltli tin aiwlltaaaoiui produatloii of aoaa liaat of 
raaoHoe* Via olMaloaX raaotloa foUowa 

SjO |C^ 4^ 23.1 aalorlaa of boat (1) 

aillbar tba oagrgoa or boat gaaaratad aasr ba uaad to 
dataot tba Olood praaaat la tha gaatroiataatlaal tract dua 
to tba tlaadlag eonditlOR. flia aaaaoraaaat of tanparatura 
rlaa ia aaaiar and baa bum dlaouaaad awllar. TaMporatara 
aaaauxltii axidoxvUtioaoiidaa waxa aiodlf lad to aacoMOdata a 
solid paroaqflata atiab as aodlaw parOorata idslob aap eonmial* 
oata oiitalda tbrougb a ratloiila wliidoii bairlai dlMMolima anab 
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aub8t«i'li«lXjr to tlio ooW ototo porojqrloto fro* 

•pilXias out fr<ni tbo ooTlt^. 

Slio of tho fin« grtiiiod •oAlm porbomto 

aeoOM»od«to« in tbo oavltj baa boas about 0*1 gu.i it ganaratoa 
about 15 oaioria* whoo 4«oo*poaa4 ooapXatiiljr* ®4a naotioa 
foxuuXa ia tkla oaoa ia aa f olXoaat 

la BC^, ^0 Va ♦ 4)^0 ♦ |0^ 23*t oaX. 

««• { 2 } 

ingf touparalRura aaaaurlnf aekloraBloaoiidia om ba uaaft 
to naaaura tba twparatiira riaa# 

4«t fOBsib £xaz»ss fm insDiOiix mmmmm 

k tuaaaX Bioda ia a pu iimotioa wliar* tlia p auA n 
aidaa art dopad to dacanaraogr* Whan iaqaixltjr atoaa ara 
10^ Vo*^ and Jusetlaa aldtii ia 100«A*t it «aa found fagr 
£ao lakabi ia 1958 that tli* fomard aliaraatariatia obgufa* 
draatioaXXjr* fba rmrat eliaraotariatioa aXao ohiai^a ia that 
it ooodtiota haafiXjr ia tha ravaraa diraotion* 

A tjarpiaaL tiomaX dioda ourraat ToXti^a oharaotasriatia 
ia ^oua ia fi«* 4«d(a)* Za ^a aaotitai •]»*, tha ourraat 
daoraaaaa aa tha voXtaga Xaoxaaaaa* fbm ^a davioa axhibita 
iaon^aataX aagatifa xaaiatuifta* la a davioa haviai 
(voXtaga «<aitroilXad aafativa raaiataaoa) far a tt^rm voXtaga, 
thixa ia aaXjr oat mirraat aiiaraaa for a givaa ourroat thara 




f 



mm osgTOjisog 
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*l3r an maj at %lv«t loltast poiata on tilt atatla oharaatarl** 
atloa* f^tf to pXot tha atatlo oharaotariatLoa wa uaa a TOltaga 
aoiuroa* Jja tlia xagian ‘iw* tha tiamaX Aioda aas ba uaad aa aa 
aotiaa daaiea* 

fbm ara thraa tgrpaa of tttanaX dioiaa. fiwar ara 
Oanimiiw tuaaiA. dlodiaat Xadiuai aatlaoalda taaaaX dlodaa aad 
Q^Lliun araaoida titimal diodaa* ibara aa tha aoXtaga aoaXa Xa 
daoidad fegr lha aatailaX uaa4 Xa tha ooaatrutitlaa, ana oaa gat 
tuBTAoX dioda off dilf araat pa^dc ouaraata. Wil^ tha aaa off tumaX 
diodattJcaaMittaxa aa aaaXI aa about 0«8 m* dlaaatar aztd 0.2 ea. 
XatKgth haa baaKi ooBotruotai ^4§ 2SL.7* 

fha fUnftaaaitaX airotilt off a tmmaX dioda oaoiXXator 
aoduXator ia ahom in fii.4*d(b). X* naiaraaanta tha radiatioii 
raalatanoa and tha othar Xoaaaa la tb« olroult* fha A.O. 
aanivaXant alncnilt off th» oaolXlatar la dioan in Pig.4«6(«)» 
fha ataadg atata mmtff aappXlod par apala bp tha off tha 

tmmaX dloda la aonaX to tha Xoaa par apaXa la tha aonlTala&t 
raalatanoa X* fha oaoiXXatlnf ffratuaaop la dataxalnad bp 
0 and fha vaXua of It mqt ba aaaiaiad to ba oonatant. 
Baoauaa tha tnanaX dloda oapaoltmaa varlaa with tha blaa* tha 
afinivaXaat *0* la a fftnatlon of tha bias ▼oXtaga f. fha total 
raalatmaa *S* dapaada atrtngXp on tha blaa idiaB tha tiaanbl 
dloda la oparatlng at althar and of tha nagatlva raaiafeanoa 
raglco. Aa tha blaa *T* aoraa aaagr fraa tia eantra of tha 
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ntgativt vmtrnmtf iptgioat t}i« o«lU«%l«i 9x%mAm into til* 
p09ltliri) smgioii of iho tumol diodo* fhoimforo* 

tlio looa |HMP Idozoosoo $sj& tbt tMoULliiitiiv frooiionaif 

Amrmtm9 frooooiiojr 'ro. l»iao oharootoristio i« 

tl» «OKliiUiid •Itoo'l of S oat 0* It T«ri«a ow • ooaoljdoxsblji 
vtittgo 4op«a4iaf iipoa ^ tunaoil diofto iim 4 inlbo oaoHlator* 

It Jjot toMi fottaA Z"2JL7 that amCUtar tht o^paeitanot 
iiaa4i tho Ugimr la t^ a«ialtivlt)r. fiaia tha oHroult pnmAmm 
fme^f Oiaaltiira mmm to prwluoa f .M* radio waYoa. it haa lw«i 
found tliat oirouita litli toncial dlcidta oooXd to aada as aaitLi 
as 0*2 oaHo oantlaatar with a tTMoaslttisig rattca of 20 fast 
aitli a 14 dt* sain rtoalviag antonoa if 47* 

Hfuraa 4*4Ca)y 4«4(f) and 4«4(i) ava tha eirouits 
for tamai dioda oaelllator tliat baa ba«i uaad bltbarto /T^J* 
Olvouita 4*4(f) aal 4«€(f) ««ta davalspad fvoa tbat la 4*1(0)* 
fbaaa too oiroaita provida loo bias voitasa to tba tumal dioAa 
aa oail aa fi0v4 lai^adaxoa aatob* Vitb tba oiroait in 4*6(f) aa 
outlet iMpadaaoa of about 50 obas «a4 aa iaiat iapadaaoa of 
about 6000 tiUmm oaa ba obtalaad* vitb tba olroult ia 4*i(<)f 
tba output iapaOiBioa eaa ba aada laaa ^laa 30 oSam iftdia aa la* 
fttt iapadaioa of am tbaa fOgOQO olaia eaa ba obtalaaO* fba 
oisouita Sa Hama 4*6Cf) aad 4«6(i) alao raduoa tba mermt 
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to«l» trm nm tettnr to ttm aliwiit im ?K.4.*(«}. 

I* ardor «• aktaia ftf im tnmmv tnrimm tut rtdoM tlo 
•la* aC Oi* out, a t.a. •onyiiai toldg* hw )»mb aacd tar Vu 
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OKA^flS T 

mmm yymn 

Scvcieikl nitliad* far 

tt94ttl«4«4 hmm 1»«ait uMd fm mAoxw^tQmmOm «|>pIl<Mtt^«Ki* 

ftm or tio oajEMarhottrodjrat lorlEioipIoo art soot 

oomioii^ Oi|i3L<^oA iittt»»4« I|>«o«umi of tholr iKUi|>Xiallgf« fht 
roooirod olfxiiX of uaiaiooii trooooiMy It aljctd wltli « lootL 
otoUXotar aifiMX aoft tho r««i£l%iiif 4ift«r«ci9o la raoordiaAy Ito 
danatloiui art aounX %q l^oa* of tha raoai'wd al^piaX. Obo 4ia-> 
a4voa4aiO of tueli raoalTara la that liia fraattaaoj raaga la 
llttltad Ojr ^ haaOwldlli anl anjr Isoraaat In It la aoaoiapanlaA 
OjT an iaoraaaa In nolaa* Xoraorart tha hataroAyna aatbot hmm 
Iniiarant aablgiiltsr that tha tana haat framwaay la ohtainad If 
tha naiaioatt al«a4L Xlaa ahora or baXov tha ataodard fraauaiwf * 

fbm mmt aaourata wathod fear raaaotlon la to aapXof a 
dig ItaX oottntar, parlcsd of ttoa oarrlar la omatad aftar 

anipXlfioatlaii for eonaaoutlaa gatad paxlada* laah gatad iMrlod 
la aoouratdiy datawaiaid hy ooantXng dwai f«ai a aryataX 
oaoIXXator* «» ahai«aa la tha oousta la aaah ^arlod la a 
aaaatira of tha tvm*m dariatlaa of tha oarriw. 

tha raoidrlag ayataa wmtiaiad ^mi an laharantljr htd 
algaaX to nola# ratio haotaao lha fraoaawjr aodulatad alffiaX 
haa to ha aaipllflad la a broad hand •apXlHar* Oooaaamiatly 
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mmh M0k fi«l& »tr«as«li«. flui X«z««r tli* 

dtvl«:liQB 9f tlic <i«r7itr» th« grcutEcr auvt )»• tls* 
bttSvdvMlli miA Xd««r l9 lAm i(l0x«l to noiso xvtlo* 

JottO^oQfi msA Miidbori iioTO opooloSljr dovoXopoA • 
itmfirme £^St3j Stm twepimat soduXiitod •le&aXo ttm mAanAX9» 
»oo4o«« fim 4rtft of tho ;r«o«ivor is vltblii ♦ 20 o/o p«r dof* 

5*1 BI8093SXOi Of fHI HSOBHIOK fBOBLSIt 

Bxo ioiXm^o propartloo of « widio rooolvtr ovo 
4ottraltio4 tin ootofo of tin oiiiiaXo to to roooitid. Ifeo 
liloXoglooI )prooo*oo»f otuAtod tgr «Aoj»dlo»aod* tooboltwoOf 
ttotiaXX/ Inyo loo fToiptmoioo <100 o/o to 1 oyoXo • <loar)* for 
oxmpXt ttoo ffoottoaoy of t^ lapoooufo oli«ii$o« in tin l>o4r 

lioort ootloitar lo »to»t i 9/m m& iism txmmmmr of tiw 
pFOOtuyt olwiMioo Satin otowioii OuoriMsg foot 4lgootiCKi lo oboit 
0.09 o/»» ®«wi tmmpmtmtwem yoFtotloao la tho tody ooowr It 
tlio Fott of OB* i^oXi « diQT* aotaro of Ifeooo 

pFOOOOOO# put OOtOFO FOOtFlCtlOBMl OB lilO pOWllOHiltl# OOOFOXX 

drift of tlio troBoaloolfltt lyotoa mpXoyod. Slaoo tho opooo 
i» hXtm Xlaltod it i» dlfflottlt to iaoworoto m ^ 

otaiimtliii oirooito owoXif oaployod la trnioalttor 
ooolXXatoro* flnriforo • oortoia frooanny drift la tin 
ooolXXotor allot to toXorotod. If Itoi* lo a»l to diotroy 

tiio ooeiWBoy of tin aotmd# tho oldooX doolotloa liiiMdd to 
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»»ftt k omerlw tmmmmf d«inaUoit 

of atlfUBt 10 p*mmA It o^tm 

Til* oi g tt o l t ttm tli« tadorodiotoodos art aoraalljr 
as low a« 5 aloro*irol.%8 at a dlataaaa of 12 f««t frov ISM 
trananlttar* fiila ia dua to tim foot that pmtx draiJi of tha 
traaaaittar wiat ha of Idit ordar of too iri^i-aatta or Xaaa 
to aaauira a Xostg Xtfa of atlaaat a faa day* for tha powar 
aouroa* fo obtain a ai|^ to aoiaa ratio of atlaaat 50 
i^kj% aaoaaaary for tha iataroaptlon of 'wwit alpiala tha 
raoalvar wuat hara a aanaltitllar of about 1 aioro-rolt. 

flth a oosnraottonal aadwadtoaonda raoalrSng aatma# 
oonalatlni of a alpfla ooa, tha racainiid latanalty nf wy 
abruptly oliaiigaa In tha autaal dtraatton of tha tranaait- 
ting and rtoaltlng w^taonaa. fbla problaa btlag apaolal to 
andoradloaondo talaittry of btologloal mforaaUon, a non- 
dtiMUoml «»■»» »1U U smsuM «i «» #B* Itf 1W» 
atMUtw. «»• j*oU.«* «» •“* 

, 00 * 1 . . «•»«“«- 

tt# MU *• 

.b«.% 50 ,/.. « ” *•* **-*"‘« 

. • A o to id»Ottt 1 ko/« oflfo mpliflMi to finally 

right tern noarly d*o* oo «>»»• 

Mozdar or m oaeiUoaoapa display, 
drlra aithar a pan raoozaar w »*• 



52 


tlmi f«p KOft fflf nht tadortidicivoadii r«o*ptloii « 

8t«tiaard frtQU«sa; wsdulfttioa r80«lir«r MpXoylnc nwttkL 

of xmdio faroduoaoy wpUf loatloo aad fromioooy «odup> 

Xfttloa dioorlwinator or ratio dotootor la auffloioot. Xa 
moot of oaotOf tho of tho dlaoriaiiMitor is itssXf 

suffloisat for sa oool^osoops dissO-sy or «r«a to drivs a 
psa rsoordtr* 

typiosl vaXutt for th# rsooirsr porsaotors that 
would ba sttffioisat for prtotloaX uat arsi 

t) laput ataaitiirtty * 5 aloro^rolta (r.a.a*) iapu* 
aidwaX for a aigoaX to aoiaa ratio of t«a at itoa raoalTar output. 

2) Totia oyatwi gala of 2 a 10^ for a 10 aioro-rolta 
sigBiX la auftioiaat. 

3) l^iMMio rtaga of iaput to tbo raoaivar «• 1 aiaro- 

YoXt to 2 aiXli-rtXta* 

4) Xlaaarity of diaoriaiaator about 0.5#* 

5) frtoaaaoy rsapoaat froa 0.01 o/a to 2k«/a aoaaaXXy. 

»or .ptona purjK»«t » «.pon.. upW 80 W. «r 

S) Input mp***®* 08 •'»«♦ ‘ ^ 

7) Unlwa output S/l notlo - 10 4b nomuXly. 

8) loloo *»««*• - '5 " “•* 

ttaon »ano. hwo ot****® *«• 
blut »«• ouooooofitllp u««4 In t>>t» hltbtrto. 
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5*2 ^20f3QOIItlOf|Qi^f2' Of tfOSXftlO AmiAOi 

A# tht ttiawittiag mtmam fQrimU ii*af vLth. 
r«»i>«ot 1m %h% rwilTlof ftottimat •Itlitr lMia«t«it «f th« aoticai 
of %ll9 Vl.'|)t rtVfNieil'^ to JPtOolViBP 03P bttOMiSO OdP tiMI 

motion ot tho t»«w»tttor wltfelii tfeo th* ooa 

diooppoor liooauot of Xo«o of ootti^lag tbt too oollo* 

Qqo otn ouxTOmU ^ mil»j|tot with thzwo « moro p^rpmdtmtlmxlij 
or othoxwloo orio&tod roetiwini ooiXo la oordor to imoiiro tloit 
•tXoaot ono wUl ooatola a ticma uadtr all oirouaataflooa. Thm 
doaoriptioa ahotit «iudt a ofotom ia givaa Igr E.S.HMkaf 

Zb fig*5*Ha) a too dlmiiiaioaal altuatioa la Aapiatad 
in whl^ tha oa^at flalA of lha trmmi.t%9f oaa taloa dlraotiona 
Ip 2t 5 witMn parpomdioalarlf orlantad oolla AA mod BB* Za 
poaitiott 1* moat of tha aignal la IMuoad ia eoila AA (i^h 
ara ooanaotad la aariaa) moA littla ia ooila IB* la poaltiam 2 
all of tha aiiaala la iadaoad ia aoUa AA* Za poaitioa 5« moat 
of tha altf&aX ia Ofaia iadtMad ia ooila AA aaA thin again a 
sigBsi it iBiuoad to ooUo BB tot BOW wa aaa that tha 
phaao Of tha aigaal iaduoad ia ooila Ml la ISO* twm tha aigaal 
la ooUa BB ia poaitloo U «»ia if tha two aats of ooila ara 
allp for axoApla aoaatatad la aariaa ao that for oma poaitloB 
tha algaal la tha imp aata wiU add, thaa for aama othar 
poaitioa of tha traaaaittar tha algaala will aiihtraat* for 
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om rid 3 (Kt of pooitionv tlu ligiuilo om ismcm% Tooii^izMliPljr iwll. 
fho thm aiMoloftAl ttltofttioii U oulto olmiUr m third 
««t of ooilo it orloiilod with it» mtim ponwodloiilar to th« 
pXwat of tho p«g«* fhuft oat noiOd d««ir« iOM olreult sxranc#^ 
awnt that ncraOd giir« « olipial «hl<di would ho ouito tho mm oftor 
« ohiaco of 180 * of tho pbooo of tho in o oid . ag olsaol.* 


k tiauooldol olsadl that la fully roottfioa boo «io 
proporty that tho forwar pooitlto and uidatiTo poaks looo tbolr 
Idontlty* Otto oaa odallarly ooploy W ffoottooey dmhliiif 
oirouit and 4a ionortl any mm baraonlo of tho aS«Bal will h* 
aatlafaotCHey la roaoolai idwi pbaao aoiwo* la flf*5«l(h) aro 
dbow tbroo pmepm&tmlml^ orloatod rooolTor ooila, oaob foodlag 
a ffoouonoy douhlor* Sho douhlfra oaa ho rogardod oa fall waro 

"1th ("in. »!• otn "I"" »>• thought of •» •oal'r"l«* 
to «» W" of f**l»"*'7 •»•»»•* M«tl»ol 

tnnolotor. «»U joA-poU hwo. oni P»ai* •"U.otoro. 

tho output" "TO "law* H> • ’"*** 

tr"n»l""l«. to th. «.Ar«. ». th» «hl.tl« 

1„ th. lohtt- ft" t—f 

„rt.tt«- to »to "• “ 

th. tnn«ltt«r fon "hlo^ «• 


SUo. ooiOot - a!o.®irt-1, It .« ho "MU th.t toto 
p«o.« .to to hlt«.tt«lf oto.lto-1 to ttoto. th. - of 
■onto*. #f to" toJfto orth« 0 B"l oowtotot" •* «“ trtotolttto 
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5i 

is ®pmm to give the ©oumre of its iaa®Qltud«» in^opes** 
deat of orioataticm, 

fiit ■ rweiviBig loop© sro being sham tu»4 to the 
fimdjsitatai t3?i«satt%r frsauesoi? to iteit my oocoiSKi hamsssiio 
already pr«®«t will bereiectod, Othurwiae part of the aigaal 
will be fed thratgh doubler olrouit uacdiOTged and will 
taterfei*® %vitli the desired aotloa hmmm tMe double fre» 
oueuey elgdsl doe® not hrnm the phase inseaeitive property* 

Even la the three ooil oa©e tijwere are only %m poseiblt phaete 
whieh appear the ante after full wave reotif io atioa or after 
oonrereion to leaoiti h«r»oaie or oth-vir mm hmrmmim* tn 
oxder to prodooe & ehange in freoueaoy a morfliaesrity aust 
be present* She slgnele produoed by the t^gmasitter will often 
bring the oireuite into their n 0 n«>lin@er' ras^e* However with 
the attenuatiCHO produoed with the weakening of Ihe aifiailt ^ 
extra stage of an^llfieatioii h&e to be interposed between the 
antenna &M the doubler if the eotioa ie to be 

oertain* 

She aiipiii froB tid.» antmna goes to the reeeiver 
where the oonvmtioaal bloolw ere shown tn fig*5*?(e)<. the 
signal firet uadergoee an aapiifioatioa in the l*F*ii«plifier 
atiig# before it i# nixed end got to a etandsrd l.f.freauenoy* 
fht gaina of stages are ohoees «o as to get the required 
Bcaialtlvity* the proetdure for design is saiwi as Ihisfe for 
my omTiatieaol y*li:.reeeiver. fhe narrow band I*f* 
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•Mplitidatigii glrm xniKiirtd nolM r«|«etiaft« flit oalqpat 
«f til* it ftd to tilt dltorlMlJstt^r wMoh ttntta 

tl»« iafomatlcii ia tin tfmmsf deviation* fh« 

diffortnot for widoradiotoiiit ttltattr; ootta only at thin 
•ttgt* Xf tht Ott^iut pm^ie of th« dloorlninttor It not tuffl- 
oltnt to drlvt %h% rtoordort vhloli it rtrtXy tlit ottti » tttgt 
of d«o*atipliflottioii it ntottttry btfort driving tJit ink 
rtoofdtr or ftoding f or «i otolXiotaopt ditjOay* 


5,5 iSirnfAHOll Of fSAOKIiO ®t SABXO fUilM II TKB IIOIAI BOOT I 

fht opttd tod ty|»t af aovinwal of tiJt radio iHl tteooi?» 
tkt tiintdttsy o«otl trt of Intwttt la ttadyiuf vmriottt dltttttt 
and tht notion ^ otrttin d*nffi. fhougb oIJnlota. ttodltt Im thtit 
dirtoiiont trt tiiOi oonduottd it *»» found that tht tpttd of 
ptopa-tum tteou«Ji «« to.r«..4 la ?.*!«*• 1* 

dlawluMa la noaaal **fc3*ol glaia l*x*tl*a** H 1* •trcaigly 

baliand la «1«1* la»«»««**l»« “* 

wtantla »*.«*« «• about tte 

dtwrbo* oua b. art.. » 1~ ** 

<»XO Itt* lorPOi- to ».U«*o »«•*«« *«- «•»*«»- 


5,3,1 rrtaolfflo 0 * Torlouo troaklag Ssrotoaoi 


Sltborto »»n» 


wnm..* to d.twt tt* jwoono* 


of OOBAO* •* IbV OMltOlBOd port* 
But ottoadod or ooatlattouo *-»W 


id3il<di tort o|NMPt to thttt r«yt* 
,3jiuan*tloiui trt rmtf uadttirtllt 
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%mmmm of mintidB A tifUm fer traekiag aiiA movw 

iing lliti i^itlQii t||« jpaAio pm jji *|#*4*4* 

!• }tMm 1^% m ioUt# mdsaxaiUBmAm gmamUm rwilo 
walrus* flAltf atrti^th of tbea# wafts dtortaatt with !»• 
ortfttlag dltiiiiit txm m mdt • «• 4o«t tht lotimitr of ony 
rwdiatim with iDtitatiiag ditUatt fron tht orlgto. Rwrt It 
law ttotti ^t tilt typt ©f ttrSiil uttR n^cwM ht m 
o«nl41reoUoaia typt bwSmIX tow it lOaoiaa not aitttlw Uxb Xm 
fitXd InttMltlts piolHii up iigr tlwi ©©WHdlxwotloEiiiX ttritl to 
thi ft©t that tht toait it may twm tht atriaX whtrtat in 
rtaXity it may not to ao. tJalng tha non^lrtotlontl awrlal wt 
©an aagr that wli«i tha aastiaX la novtd toaarda iht radio pill 
tha f Ifld atritt(tli natar will ahow an inoraaaiiic aXyaaX, and a 
daoraaaa will ha ohaaxirad whan tha atrial la wowad away ftoa 
tha pm* fha point for aaiiwia fiald atraoith oarraapoada to 
tha oloaaat appraaah to tha pin. thia aanual traakinf aym%m 
ia not Rood anoudh haaauaa It ia tadioua prooadura and not fwzy 
oonranlttt* It dota not parnit tha produotioii of a sap Aowini 
tha paaaagm of tha radio pin* Alao it ia not poaaiVXa to cat 
aoourata amr^aUma hataam tha nofananta and talaaatarad data 
hy auoh naaual tradkiac. Ooaaaaoantly a aarro ayatan that 
autonatiaally traoha haa ham 

fha autoaatio trwohar ai^oya a pilaolpla ainllar to 
tha.t uaad In nodawi waAast taohnolofy* dhat aa a radar atrial oan 



m 


1m iw4t tw> tiuit it tht now- 

|]bi« X'iiift jplli* !»!* tzifik that nak** thl» iniaalMl* 

1« to pot thf ooificdt into oonotaiit rotation arouadi a ahaft 
with a apaaA of ahoiit ana rairolutlon pmt aatoni. fha rotation 
oooura In a iplma parailhX to tha aMoniiiai anrfaoa* Tho 
raauitiai wariatlan In tha flaM atranith « owiaii to tha warsrias 
iiataaoa to tha pill » la iataotai tor tha raealvlni apatant 
whlnh aotnatai two aarwo notora* fim aarial oarrlafa •ut«Mttt* 
loalljr aaalm a poaition ahara tha aMpial atrancth la oonatanl 
durln« tha rotation# fhia altuation oooora whan tha rotatlm 
axla paaaaa through or ia naar to# poaiUon of tha aonOa* 

Za thijf wtnf tha aarial oaniafa folXana iha aonfta on Ita 
way through tha hoiy* h nap of thta ncnrtwaat la drawn tgr an Ink 
pan attaohad to tha oarriaga on a piaoa of papar nipportad tgr a 
ourrad planigXaaa plata raattng upon tha abdown 
amp ia uaaful In tha invaatigatlon of a amhzr of dlaaaaaa* 

miB wa aaa that not only tha infonaatlott fran tha pill 
hut alao ^ natar# ia ahioh it daaonsda doan a gfatan giwaa 
graatar Inaight la nadloal prohlana wbara la^ of propar aauly* 
«.nt prawantad nan in tha nadloal flaid ta imraatigata furth«.. 
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I. a* •!, M iiuitiia«3c ]i««ii> fcXmtxar 

S*Jf* ??5 aiolo(|l««5L Dfttfti UMI trtiiWMiliions 

S S^**^*^ »o«la«*»la«,U«i,Wf), ?02.,aaui0t 

|r“ 


2, XafoMtiM, fraa«d««l«»» Modolfttion mi loiM, 

■aO»»Nlim (t99§),9F 5t4. 

3. Ma^atiyt a»S** ftren wllUilii tta* Botfjrt 

]Eo««iiQftl MMivUaTt Aaaa«Mle 
a#if I'fs^ i&d 3 E»qoAqQ|i fB5**1S9* 


4. w«n ihb IUI4 llflsrA, 1. 8l«4tr» fh* apteiftl t«pl4 «f 

Bioliklcinitijf B«dL<a» Iltotzoadja* (lini* 19 89* 


5* X«oiugr, R.a,« Mwfttriag fra witiiiii «b« bodart 

WaAorMtimmAmt Blmdisia T«lmtrir» A««a««i« 
Bjraa* Mm TokIc ib& Boafton, pp 19t« 


6* Qaora* 0,4* «na Co<9«r, J.I** BiiAioUlmtiT't A OliniMa 
t«r»p«o4lT«| BioatdiiSiB. f«4«itt3qri A««A««io frtw 
Mm tmAt ft» loalm (190) t pp »94< 


7* 7«inMO| 7«X.f HiNitodais* SAd 8«Aio BsgliiAtxliiif MaCtiMtHttlXl 

pp 23. 


6. ^ordttxiy Il«otn»8Migafttio f«r«« wd Eadiiiisiiii Pr«atl«Mi 

HaIX of ZadU LU., Mm Bom (19€4)»PP 909* 

9. Sn4lmd» «al PosoMnAeki iodio Tolwixp of fparoio* 

miooX Roopimooo m lAbomtoiar AaUMilt loionoi (1961 )i 
7S«133,pp. 106-107, 


10, mund, 0# oad OhorltOB, f*, XtoMurlag tlio f orarotoro of 
XitouBttliSB P«oA3ii» MggBf, Asoriooa Soiootlot (1939 }# 
7<a«47t 99« ao* 


11. 


Shookt 0 *B. and MU# 0 ,«.| Body Moiofaw oad 
of iMMlmUVf Hoorl Boto 

•otiimi on BlosodlooZ toflaior&os (t9i3lf f«4.M-12, 


pp. 44. 

12. ^oooboon. ». oad MMkojr, l.S^t I« Iode«iA4o«w»do, %mmm% 
( 1957 )f t«Z.1, pp. 1824. 


15. 5:®* B., mi i« 

jMjJtiir# f3P««t, HcdtrcBlM <1958)t ¥01.51 • 

Flf *5» • 


14. 

15. 

16. 

IT. 


V«ci»t %% il, mho 0 «pifiil« for XtdiMl 0 M (A 

^'^lf*y^*** tedoi'oAioooiil*) » 13IX TzwMHuitioiui 

«a Blo»odi«ml (1962)» V^.BKB..9,^.199, 

ilftOlcaart l.a.t moaatvrliig £r«ii ultWa th« iMdgri 
MoinAi0*^«9^ BlOKodioil t«l«w%iar» 

l^M if« YosIe sai Boatat 9|». 171 . 


i*?** ^^9m%mi3ag tvm wlABitt tli« boAsrt 
^oraiioiokidoay Mom 4I««1 folmtiart Asadwilo 
ProM Mm tosk oiid IrfHadw, 9 |>. 155..157. 

Ovarii O.if, mM Volft, H.B*, A|^lle»tion «f laiomAloMiftd* 

or fir4l«M mi to Booordlas of irtorino Oontrootlono 
mA Vottol Hoort Souatot Bonoot (1960)i ppm 41t. 


18. 

19. 


Itaelcoari R. 8.1 B«§io 7«l«Mtirioi trm oitliift tho )»oOjri 
aai«»o (19ll)> ?01.I549 pp* 1196. 


ImoBooiit Bt msA BorAlwxgt Xt# Mon taio ooBdo 9ool»loii«a 
tor ProMiiro foloaotorljv. 33091 fnmoootiona on 
Blosodlsal Baiiaooriiev Cl§6t)y Tol.BUMIf tf.ldt. 


20. Xookapt I»$«f Until lasg maA Ooobilli X.f latOMitIa 

fcBMMitir B»Mt Sbioonrt foriono llolaalool 
ApplioatioHit Solottoo (1960^ ?«l«151t 


21. laokiiari B.S.ff faI«HOt«ria( tvmt irltlila tbo todji 

&idOi»4iOttoiii4f«t Moailiool f«l«wts|r, M»9AmiM 
ftoac ion Imk nxA JmAmt pp» 16l*1i5« 


22. fta Xlio* ot il» Tuimol BioAoo for Xodiool Xooomki moA 
Moratorir foltsotortaci Xoiiool ILootronioo «aA 
KtolOKioa &siiio«niii {«,B.)C1945), pf.9i5« 


25 . loookooBt 1 . oBil loooiriii| 0 |nt« for 

Xnioradioooait fooBiilooiOt XXn troWMiotloni oa 
Mwoaool Cl9«0)i ii«554< 


*4. IteotaWi ».«•. ManUlaw .. 

frmaotioiio or SiowASoiil lafluoorla* vli»0)» 

V0l.llB*tf PP* «T. 

25. loooboOR* Bm 2* fiSS* 

Mm SoloBtioi (1961)i m.Hf pp» 8e8. 
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26 • 


a# far BlMaiai l>tt4io«i<m. 

«Qd Hologioftl. lDgi&t«i^ (4.8.) 

Jt lf>i I®, 


27m ftwrrwp# G, twssTlclBy f.X.t 9al«ii«t«RUac 

m XHti^MAtcrie 2l^at«uNi in Kan ler m Xac%iani«X2jr 

tU5*l*t« Qwpm&9t Mm9 <l9lO),m. 151t 

pjl* 18i4* 


28* I^UTttVt f •*•§ JfwoaE|kij|, T*I. aai Bkmi» jr«» 9ar*(i«ir* 
XotUi^p 89l«i9t (IwTrm. 12«, w.W* 


29* ftocaiwi 2*1,* io4 Xltlsy 2*X*, Saw to Qoiuitxwot m IHiiioturo 
f*K* mootoEtioo (1959>t fii)l»52| >8«80* 


50* Wifttovo, S.H«| rnMvmSM Dgr WIvoIom, Soiontlto iUMrim 
Ct92l5i ?oUm, pp. 415* 

51* Toung* J#I« «ol ftjtoi 9,8»t too Vagr folavotanr 

la lUtoxatocar Aalaalo, laoriooa ^ounnil on Xodioio. 
JEiOti^ooloo (1964)t to«5tPp*28, 

52* Demi WSXlXm toXogotl oaA Xotort f*8u«l)auar» 

Blooi fiov XooouioG bf l>Q|»pl«r froooooBj Shift wA 
la<Ac SoattoroA VHTatm SoiibA» SoIomio (15*1 )f Tol«154i 
pf* 5A4* 

55* Miolcagrt S«8«i XoAio Monotoziat fto vitlOa tlao toAr* 

Xm fruuMiotlono on MonoOioAI ttectooclBf (l959)» 
to3.,XM» ^*100* 


34. 


35. 

36. 


3t. 

38 * 


XMlEoi'y 8»S*> top toy topMofupo of tottooA top^ 
SooosAoA ly XagootoA 9nBaaitt«rt 8 o1«m« (1964)# 
yoii.*144i pp*IMi^. 

Xaokoyf K.S.# tophlB fononotzy, 9el«wo (1964)# i«d.149t 
pp* W* 

totof 8«$«» Gaapogoo totoioo wA UmpIiio Xgam top 
2001^ toSpoturoo ««Mtt«iA to tolo folonotxy, 
Xattoo (1944) t fAX.204i pp*354. 

VoXfff 8«8«| fto toio PHli to Soioatlot (1941)# to*12# 
pp*4l9« 

aoy# 0.«. to 1 - 

SSS‘S gSis:i^«2i1?toTTS!£.io, 

PP*1H. 
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mA lUMiAk, li.* A liiii«5ur« 
tm fmmattim mrn^ Pottatljil*, ^ 
CO lailiiMxlcig Cl§H53)# 

Vo3.«3l8»tOf 5P»tf7, 


40 . omiai^ b*ii*o*» trmmtuw n%m in « 9eo«B» mai9 
Mtxmm Ct9655f foa.Mf w>*fi0. 

4t. B»| )tod«r8Si«»nte« -* a 9iirv«yt Midloid naairooiot 

iii4 Ia<lii««xlEii vO*Briv19€5)» »5«^45* 


42. v«Bf«rt X.A*« BtniaeMRi X«3* ml Blaniaci ^.S.# 
Xigttatmttm latiial of XwiaitzliiK OaaBrlB 
(199t)» m.tai, bb.990. 


45* Starlincy ml tmlmlmi 1.1. » Bahavlmr of fhamlttor* 
•t lioAmioal fm^«fatwxa«f XXXI f ranam Hona m 
BimaHeal XoigiiiaaxiiiC (t9w)i BMB«^y 

44* fimUary H«t atiwiiisittxa A^pmataa far Mia faXamtariac 
of XW Oatoy Xm fxmamtlaia m BlrnaimaX 
XiSSiiiitiittgt Vi^.BliulOy F5*X9* 


45. 


OuBai 


8.1*, mm mpaaia of laliaal maatronloa, ^euiwiH 
of laaiititim of fUa-Oamaaiiialtm la«laoar»(ai4i») 
CWt)i 12*201. 


41* Um, K.5.J 0«tilai««5» ^ froMu^ M Smowa for 
BiaimioaX Branla, BtoXHamt*!, fmmfm from 
11*15* 

4t* Mlirm, 0«H*f Saafmar, 0* ml BoX^ 

l^aaa for Molaglml f4mate!3r, llaUXiMalvi, 
farmsm from (1913), ll.®5* 

40* im m aal Um X. Slotar. * *** 

BiaoliXisui, Haoiroaiaa (19151, il# HI* 

49* Wm lliO| Biola Oaaill«taeri# ttaelrmlao 

501.31 » 11*85* 

51. 19ioioia<»f I.l#t BailmXal 

’*• Btaairmiao ml liflXogloOl. l««iaaa*ia« C0*B*? 

(1914), ll.38t* 



53« t** 36*mBr tor WroLmn^m «f 

HidisasitlQB m DttMtlAo of XtoliHeiieia HotmU 
in Tkplrnm XOrousv Bottoxloo. XodlOilL 
llootvoslos aas HoloxiOftX loxiaooiilax (0«B«) 

Omh PP»305* 

$4. mrnooikf not »tibb«St A Xi&i««tiio four 

OimmoX 1*410 frouiulttir vilii Booolvlac Ijro'lofto 
for O^Httlnisg fS^oloXo^oiiX Soto fro« llrAOt 
il«4iooX HoolxmLoo OHO BioXoglooX liicljiooriiHI (d«B«) 
(mVt fM95. 


PmeroTt Boo of BigiioX Qonputor la tli* ilaoX^o 

of XatosllimX XotlXliif Booorla* XXSi trmaootioao 
on SlOROfiotX Xfii^iftXliiX (tW)i V«4«1I1*T« 
t5WB3, 


54. XoQaXXt RooolTSax ^fo^oo* Soflo flXlo» ^ 

lih^oollniP Silrl IbitonwtlaiMiX Qoofor«i 0 « of 
X«dle«l sIooiapisBleoi XnotttnUoo of XlootrlooX 
Saglnooro (liOsaAon) (1540)* f^•124« 


57, BobinooAt S.O.f A fmpomtwto foXonotor^lrsM oitli 
O^^loAl Aoooroflf » lodtooX lloolsrontoo «a 
MoXogioftX Baainoorlai (O.B.) (1544)* ff.OU 



